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初始添加量为总量的 1/5 进行等量流加效果 好，细胞密度达到 1.15×107 
cells/mL，比对照组高出 35.3%。 改变充气条件能够促进杜氏藻生长，通过单因
素试验和正交试验得到 优条件为充气时间 5 min、充气速率 1 L/min·L-1 和气体
组成 CO2/N2 (1:2)，每日充气两次，细胞密度达到 1.18×10
7 cells/mL。低浓度硝酸
镧对藻生长有促进作用，且 10 μmol/L 时对藻生长的促进效果 明显，藻细胞密




镧对藻生长的抑制作用。 终得到 适合杜氏藻生长和 β-胡萝卜素积累的条件为
硝酸镧浓度 10 μmol/L，充气时间 5 min、充气速率 1 L/min·L-1 和气体组成 CO2/N2 
(1:2)，藻细胞密度达 1.39×107 cells/mL，β-胡萝卜素含量达到 8.6 mg/L。 
(2)  对 4 株不同杜氏藻进行的铜胁迫研究表明，杜氏藻是一种较为耐铜的微
藻，Dunaliella sp.（15D）是所有藻株中 耐铜的，在铜浓度不高于 1500 μg/L 时，
生长几乎不受影响，它的 72 hEC50 为 3000 μg/L，而 D.bardawil 30861（13D）对
铜的耐受能力相对 差，72 hEC50 为 1500 μg/L。15D 对铜的解毒机理可能主要是
通过膜流动性改变将细胞内铜离子排出到胞外，13D 对铜的解毒机理可能是将吸
收到细胞内的铜结合在内部某些非活性位点上抑或是产生与铜结合的某些应激蛋
















 II  
(3)  用杜氏藻液预处理微晶纤维素实验表明，向杜氏藻培养液（200 mL）中
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Abstract 
  This paper mainly foucs on the study of Dunlliella. We have discussed the optimal 
culture conditions of Dunaliella and its physiological reaction in copper stress 
condition, finally, using the algae medium to pretreat microcrystalline cellulose. The 
main research results are as follows: 
(1) The constantly nitrogen salt fed-batch culture of Dunaliella can effectively 
improve the algal biomass。And the highest cell density (1.15×107 cells/mL), 35.3% 
higher than the control group, was achieved when the initial dosage is 1/5 of the total. 
The changes in the aeration conditions can promote algae growth. According to the 
results of single factor experiment and orthogonal test, we found the optimal inflatable 
conditions for algae growth was aeration time: 5 min, rate: 1 L/min·L-1 and gas 
composition: CO2/ N2 (1:2), and the cell density was up to 1.18×10
7 cells/mL. The 
addition of lanthanum nitratec could improve growth of algae cells in low 
concentration, but had opposite effect in high concentration (≥20 μmol/L). The 
maximum cell density, 37.2% higher than the control group, was up to 1.18×107 
cells/mL when 10 μmol/L of lanthanum nitratec was added. The accumulation of 
β-carotene still kept rising with the increase of lanthanum nitrate concentration. 
Moreover, algae growth was further improved in the synergy of CO2 and the 
lanthanum in low lanthanum nitrate concentration, and the areation of CO2 could 
disarm or alleviate growth inhibition to algae in high concentrations of lanthanum 
nitrate. Finally, the optimal condition for both algae growth and β-carotene 
accumulation was lanthanum nitrate concentration: 10 μmol/L; areation time: 5 min, 
rate: 1 L/min·L-1 and gas composition: CO2/ N2 (1:2), in which algal cell density and 
β-carotene content could reach to 1.39 ×107 cells/mL and 8.6 mg/L, respectively. 
(2) The research of four strains of Dunaliella in copper stress showed that this alga 














 II  
sp. (15D) and D.bardawil 30861 (13D) were the most resistant and sensitive strains, 
respectively. The 72 hEC50 is 3000 μg/L for 15D while 1500 μg/L for 13D. Thus, the 
detoxification mechanisms for 13D probably through binding or sequestration of 
metals at non-metabolically active sites within the cell or induction of stress-proteins 
and antioxidants, however, for 15D, the mechanisms maybe depend on the exclusion 
of metal through changes in membrane permeability. Although the single cell 
accumulation quantity of copper was lower that 13D, but 15D should be the most 
suitable strain in copper wastewater treatment research due to the higher cell density, 
which led to the ability to remove more copper in total. 
(3) The pretreatment of microcrystalline cellulose with Dunaliella culture medium 
was carried out. The results showed that proper addition of MCC promoted the growth 
of Dunlliella by removing some growth inhibitors derived from algae exudates in the 
medium. Cell density of the algae got a maximum increase (about 20%), when 0.3 g 
MCC was added. After treatment in the medium, the crystallinity (CrI) and 
polymerization degree (DP) of MCC were reduced to the minimum 70 and 170 from 
209, respectively, leading to a lower thermal stability. All the above changes of treated 
MCC can be attributed to the combined effects of algae exudates and inorganic ions in 
the medium.  
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